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## 5170209921 : MAJOR ENVIRONMENTAL ENGINEERING

KEYWORDS : FUEL PELLET/ HEATING VALUE/ BIOMASS/ OIL PALM FROND/ OIL PALM
TRUNK/ WASTE GLYCEROL

KRITTIPORN TRANGKAPRASITH : HEATING VALUE ENHANCEMENT OF FUEL
PELLETS FROM FROND AND TRUNK OF OIL PALM. ADVISOR : ASSOC. PROF.

ORATHAI CHAVALPARIT, Ph.D., 115 pp.

The heating value enhancement of fuel pellet from frond and trunk of oil palm was studied
here. Waste glycerol, glue, spent wash liquor, and glycerol residue were used as adhesive. The aim was
to find the optimum ratio of raw material by using the suitable adhesive. Raw material ratios were
varied of 4 values from 50 to 80%, water ratios were varied of 3 values from 0 to 10%, and waste
glycerol ratios were varied for 7 values from 20 to 50%. Adhesive variation in fuel pellet production
from oil palm frond was produced by ratio, frond to water to waste glycerol : 70-0-30. The results
showed that ratio of pelletized fuel from frond mixed with waste glycerol gave the highest heating
value equal to 19.22 MJ/kg. While the pellet of frond with other adhesives offered heating value of
16.23-16.39 MJ/kg which was lower than the pellet standard (>17 MJ/kg). Such, waste glycerol was
chosen as a suitable adhesive for varying ratio of mixture which was the next step. The optimum ratio
of frond to water to waste glycerol was the quantity of wasteglycerol 30% which gave heating value of
19.22-19.30 MlJ/kg, pelletizing ratio of 91.84-94.71%, specific density of 996.01-996.35 kg/m3,
moisture content of 2.12-3.13%, volatile matter of 82.01-83.11%, fix carbon content of 1.09-2.31%,
and ash content of 12.46-13.58%. The optimum ratio of trunk to water to wasteglycerol was the
quantity of wasteglycerol 20-30% which gave heating value 19.02-19.80 MJ/kg, pelletizing ratio of
80.19-84.13%, specific density of 894.74-941.33 kg/m3, moisture content of 3.39-6.32%, volatile
matter of 75.88-81.80%, fixed carbon content of 4.66-8.82% and ash content of 8.97-10.14% which ash
content of frond and trunk were higher than the standard. Results showed that the mixing of fuel pellets
from frond and trunk of oil palm with waste glycerol was suitable for use as fuel which was an

alternative for industries.
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2 8.074 24.3018 23.4227 0.8791 1.2807 68.64
3 8.1242 24.3085 23.3697 0.9388 1.2927 72.62
ﬁWﬂWﬂdW 1 8.0458 24.3093 23.429 0.8803 1.2053 73.04 72.97+1.63
2 8.123 24.4899 23.5912 0.8987 1.2053 74.56
3 8.1051 242134 23.2621 0.9513 1.3341 71.31
AL NOU 1 7.9917 24.5063 23.3239 1.1824 1.4828 79.74 78.62+1.06
NAL¥DIOA 2 8.389 24.8695 23.7295 1.14 1.4522 78.50
3 8.1358 24.4462 23.4513 0.9949 1.2817 77.62
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szau Aoul | waaen | fvde | Sudu
voude | 1 | 8.0346 | 14.8701 | 23.1218 | 23.1124 | 02077 | 13062 | 1590 | 13.58+5.63
naesea | 2 | 7.9917 | 149697 | 23.0964 | 23.0235 | 00621 | 12807 | 4585
3 | 80834 | 149144 | 232238 | 23.1566 | 0.1588 | 12927 | 1228
ufladlen | 1 | 82254 | 14.8701 | 23.4948 | 23382 | 02865 | 13062 | 21.93 | 19.94+2.11
2 | 8074 | 149697 | 234254 | 233016 | 02579 | 1.2807 | 20.14
3| 81242 | 149144 | 233718 | 232679 | 02293 | 12927 | 17.74
dhmnd | 1| 80458 | 150319 | 23420 | 233101 | 02324 | 12002 | 1801 | 183429.97
2 | 8123 | 150197 | 23.5912 | 23.5301 | 03874 | 13604 | 28.48
3 | 81051 | 150671 | 232621 | 232862 | 0.114 | 1.3341 | 855
azaeu | 1 | 7.9917 | 15.1844 | 23.3239 | 232466 | 00705 | 12396 | 5.69 | 13.53+6.81
natesen | 2 | 8389 | 15.028 | 23.7295 | 23.6348 | 02178 | 12131 | 17.95
3 | 81358 | 15.0646 | 234513 | 234177 | 02173 | 12817 | 1695
A15199 n-6 m%"uauméﬁeumv’f‘fyamaﬂé’ﬂLﬁﬂmnmﬂuﬂwﬁaﬂﬂﬂuﬂﬁﬁuiﬁ@ﬂizmu
Saaszeu| @ MC VM Ash | MC+VM+Ash FC 1930
Yoo 1 25.03 73.13 2.19 100.34 034 | -0.08£0.40
naeson | 2 24.47 73.48 233 100.28 -0.28
3 25.94 71.19 2.49 99.61 0.39
utladlen | 1 98.58 1.58 -0.07 100.09 20.09 | -0.05+0.04
2 98.62 1.52 -0.09 100.06 -0.06
3 95.09 1.78 3.13 100.01 -0.01
Yhmndn 1 89.88 9.71 0.48 100.07 -0.07 0.54+1.01
2 89.76 9.00 1.25 100.02 -0.02
3 89.50 8.59 0.20 98.28 1.72
AzNOU 1 1.69 87.44 12.41 101.54 154 | -1.46+0.08
nalesea | 2 2.95 87.36 11.07 101.38 -1.38
3 2.20 87.91 11.34 101.45 -1.45
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VDAY 1 4587.2 4576.85 19.22+0.06
nAl¥e30A 2 4566.5

uiladlen 1 3890.9 3903 16.39+0.07
2 3915.1

thmnd 1 3894.5 3878.4 16.29+0.10
2 3862.3

Aznou 1 3860.1 3864.65 16.23+0.03
nAlyeTOR 2 3869.2
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50-0-50 1 358 312 87.15 87.50+0.33
2 305 267 87.54
3 320 281 87.81
50-5-45 1 312 271 86.86 89.17+3.37
2 307 269 87.62
3 388 361 93.04
50-10-40 1 248 211 85.08 87.80+4.44
2 315 269 85.40
3 367 341 92.92
60-0-40 1 203 177 87.19 90.53+2.89
2 354 326 92.09
3 351 324 9231
60-5-35 1 245 219 89.39 90.53+1.08
2 283 259 91.52
3 387 351 90.70
60-10-30 1 264 242 91.67 91.84+0.49
2 355 328 92.39
3 269 246 91.45
70-0-30 1 339 331 97.64 94.71+2.62
2 344 323 93.90
3 351 325 92.59
70-5-25 1 339 318 93.81 92.88+0.81
2 324 299 92.28
3 322 298 92.55
70-10-20 1 355 337 94.93 93.07+5.56
349 303 86.82
3 353 344 97.45
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4 oUW | pellet wadgu | pelletvidaiy | pellet ¥idaqy | density now | densitynasyin i 4
qas il : IR KYRTRVRER i IY I oL Q , ) kg/m3 1ndo
I WU Wl R RET Y] NI 51u M (NDULBZHAY)

s0-050 L1 | 23184 33121 09937 3.2955 23018 1.0001 1.0023 1.0012 1001.19 004.0448.36
2 2.2989 2.8277 0.5288 2.8541 2.3253 0.9859 0.9838 0.9848 984.84
3 3.1339 3.5243 0.3904 3.5210 3.1306 0.9960 0.9961 0.9961 996.08

so-s45 |1 | 24010 2.8550 0.4540 2.8541 2.4001 0.9954 0.9955 0.9954 995.44 995.5040.17
2 2.4840 2.9199 0.4359 29183 2.4824 0.9956 0.9957 0.9957 995.69
3 2.3069 27773 0.4704 2.7766 2.3062 0.9953 0.9954 0.9954 995.37

s0-1040 L | 15817 20813 0.4996 20793 1.5797 0.9960 0.9964 0.9962 996.20 995.6140.52
2 3.7899 4.1104 0.3205 4.1091 3.7886 0.9954 0.9954 0.9954 995.42
3 2.3498 2.8062 0.4564 2.8059 2.3495 0.9952 0.9952 0.9952 995.21

60-040 L1 | 31692 3.4340 0.2648 34320 31672 0.9957 0.9957 0.9957 995.70 995.690.03
2 2.6491 3.1642 0.5151 3.1624 2.6473 0.9957 0.9958 0.9957 995.71
3 2.2871 2.6950 0.4079 2.6936 2.2857 0.9956 0.9957 0.9957 995.66

0535 |1 | 2652 3.2235 05711 32172 2.6461 0.9970 0.9975 09973 997.25 997 0941 25
2 2.6903 3.2000 0.5097 3.1980 2.6883 0.9957 0.9958 0.9958 995.77
3 2.3305 2.8290 0.4985 2.8209 2.3224 0.9979 0.9986 0.9983 998.26

01030 | 1.9978 2.6943 0.6965 26836 1.9871 0.9991 1.0005 0.9998 999.75 997 854219
2 2.1524 2.6379 0.4855 2.6302 2.1447 0.9980 0.9987 0.9983 998.33
3 2.4734 2.9683 0.4949 2.9673 24724 0.9954 0.9955 0.9955 995.46

70030 L1 | 25917 29425 03508 2.9408 2.5900 09957 09957 0.9957 995.71 996012054
2 3.0868 3.5555 0.4687 3.5504 3.0817 0.9965 0.9967 0.9966 996.63
3 3.3488 3.7591 0.4103 3.7570 3.3467 0.9956 0.9957 0.9957 995.68

70505 L | 26926 3.1294 0.4368 3.1277 2.6909 0.9956 0.9957 0.9957 995.68 995.66:0.29
2 2.8866 3.2295 0.3429 3.2269 2.8840 0.9959 0.9960 0.9959 995.94
3 2.7416 3.1968 0.4552 3.1960 2.7408 0.9953 0.9954 0.9954 995.36

701000 L1 | 29610 3.5647 0.6037 35611 29574 0.991 0.9963 0.9962 996.20 996.6240.48
2 2.9506 3.3074 0.3568 3.3010 2.9442 0.9970 0.9973 0.9971 997.14
3 2.9589 3.3070 0.3481 3.3025 2.9544 0.9964 0.9966 0.9965 996.53

66



100

A g g a o a3 J Y = = I Y
MT NN N-10 ﬂ’J”I?J‘If‘LJ"IJi’NL‘K@L‘WﬁQ’f)ﬂLllﬂmﬂ‘ﬂ”lﬂﬂﬂiaMiﬂﬂiﬂfﬁuﬂﬂlﬁﬂﬂam{ﬂi’f)m']JLl’Jﬁﬁ]']J53?{1'14

GIaERG Y] i 0 t’fjmma WaEIIAS o ijﬁﬂ % 1nde
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50-0-50 1 14.8783 15.9460 1.0677 15.8993 0.0467 4.37 4.22+0.14
2 14.8077 15.9176 1.1099 15.8714 0.0462 4.16
3 14.9754 16.4876 1.5122 16.4254 0.0622 4.11

50-5-45 1 14.8919 | 16.2639 1.3720 16.2048 0.0591 | 431 | 435+0.07
2 147932 | 15.9407 1.1475 15.8912 0.0495 | 431
3 150059 | 16.0355 1.0296 15.9898 0.0457 | 4.44

50-10-40 1 14.9596 16.0503 1.0907 16.0061 0.0442 4.05 4.03+0.19
2 15.0335 16.7192 1.6857 16.6546 0.0646 3.83
3 14.8934 15.9011 1.0077 15.8586 0.0425 4.22

60-0-40 1 14.8455 16.1371 1.2916 16.0928 0.0443 343 3.58+0.13
2 14.8554 15.9861 1.1307 15.9446 0.0415 3.67
3 14.8515 | 16.0457 1.1942 16.0022 0.0435 | 3.64

60-5-35 1 14.8951 | 15.9060 1.0109 15.8794 0.0266 | 2.63 | 2.68+0.13
2 149780 | 16.1134 1.1354 16.0842 00292 | 2.57
3 14.8530 15.9325 1.0795 15.9020 0.0305 2.83

60-10-30 1 14.8584 15.9049 1.0465 15.8824 0.0225 2.15 2.12+0.12
2 14.7971 16.0782 1.2811 16.0497 0.0285 2.22
3 14.8150 16.0101 1.1951 15.9863 0.0238 1.99

70-0-30 1 15.0081 16.1989 1.1908 16.1704 0.0285 2.39 3.33+1.60
2 14.8491 | 15.9954 1.1463 15.9678 0.0276 | 241
3 149072 | 16.0452 1.1380 15.9863 0.0589 | 5.18

70-5-25 1 15.0366 |  16.0734 1.0368 16.0505 00229 | 221 | 3.99+1.56
2 14.8564 16.0067 1.1503 15.9481 0.0586 5.09
3 14.8158 15.9519 1.1361 15.8988 0.0531 4.67

70-10-20 1 14.8877 15.9991 1.1114 15.9702 0.0289 2.60 4.12+1.32
2 14.8248 15.8555 1.0307 15.8048 0.0507 4.92
3 15.0405 16.2157 1.1752 16.1588 0.0569 4.84




A é’ a o a3 J 9 = 2 I
MTNN N-11 ﬁ”l§§$I,‘ViEJ"‘IJBQL‘H@LWQQﬂﬂlllﬂi]”lﬂ“l/lNi']J’]J”laMiﬂﬂiﬂfﬁu’ﬂﬂlﬁﬂﬂm%’ﬂiﬂmﬂu

101

v

Jer9
Usgeu
. thnaeas Yhmindt I .
pasEa | @ #h , % N9y
NOULHN AU w14/ 1FOINAS
50-0-50 1 8.1530 24.0576 23.1634 0.8942 1.0677 83.75 82.73+£2.17
2 8.0273 23.9062 229716 0.9346 1.1099 84.21
3 8.0335 24.4675 23.2542 1.2133 1.5122 80.23
50-5-45 1 8.0429 24.2556 23.1340 1.1216 1.3720 81.75 81.34+2.72
2 7.9901 23.8876 22.9256 0.9620 1.1475 83.83
3 8.0715 24.0099 23.2022 0.8077 1.0296 78.45
50-10-40 1 8.0814 24.0952 23.1837 09115 1.0907 83.57 81.85+2.86
2 8.3874 25.0495 23.7255 1.3240 1.6857 78.54
3 7.9385 23.8031 22.9624 0.8407 1.0077 83.43
60-0-40 1 8.1497 24.2483 23.2294 1.0189 1.2916 78.89 79.56+1.24
2 8.1207 24.0729 23.1571 0.9158 1.1307 80.99
3 8.2204 242311 23.2899 0.9412 1.1942 78.81
60-5-35 1 8.1510 24.0505 23.1819 0.8686 1.0109 85.92 81.33+6.13
2 8.1220 24.2222 23.3779 0.8443 1.1354 74.36
3 8.1541 24.0755 23.1720 0.9035 1.0795 83.70
60-10-30 1 8.0818 23.9808 23.0987 0.8821 1.0465 84.29 83.11+2.87
2| 82221 | 24.2887 23.2659 1.0228 1.2811 79.84
3 8.0722 24.0779 23.0598 1.0181 1.1951 85.19
70-0-30 1 7.9390 24.1316 23.1190 1.0126 1.1908 85.04 82.01+2.77
2 8.0339 24.0193 23.0861 0.9332 1.1463 81.41
3 8.0834 24.1179 23.2121 0.9058 1.1380 79.60
70-5-25 1 7.9905 24.0583 23.1919 0.8664 1.0368 83.56 80.79+2.67
2 8.1240 24.1200 23.1934 0.9266 1.1503 80.55
3 8.0468 23.9918 23.1029 0.8889 1.1361 78.24
70-10-20 1 8.0442 24.0320 23.1716 0.8604 1.1114 77.42 77.37+£0.20
2 7.9918 23.8408 23.0456 0.7952 1.0307 77.15
3 8.0281 24.2365 23.3253 0.9112 1.1752 77.54
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50-0-50 1 8.153 14.8783 | 23.1664 23.1561 0.1248 1.0677 11.69 11.34+0.81
2 8.0273 14.8077 | 22.9757 229521 0.1171 1.1099 10.55
3 8.0335 14.9754 | 23.2632 23.1922 0.1833 1.5122 12.12
50-5-45 1 8.0429 14.8919 | 23.1393 23.0976 0.1628 1.372 11.87 11.92+0.07
2 7.9901 14.7932 | 22.9287 22.92 0.1367 1.1475 11.91
3 8.0715 15.0059 | 23.2052 23.2009 0.1235 1.0296 11.99
50-10-40 1 8.0814 14.9596 | 23.1875 23.1629 0.1219 1.0907 11.18 12.71£1.45
2 8.3874 15.0335 | 23.7335 23.6581 0.2372 1.6857 14.07
3 7.9385 14.8934 | 22.9644 22.9616 0.1297 1.0077 12.87
60-0-40 1 8.1497 14.8455 | 23.2363 23.1414 0.1462 1.2916 11.32 12.92+1.41
2 8.1207 14.8554 | 23.1608 23.1341 0.158 1.1307 13.97
3 8.2204 14.8515 | 23.2958 23.2329 0.161 1.1942 13.48
60-5-35 1 8.151 14.8951 | 23.1838 23.1838 0.1377 1.0109 13.62 14.07+0.28
2 8.122 14.978 23.39 23.2611 0.1611 1.1354 14.19
3 8.1541 14.853 23.1759 23.1577 0.1506 1.0795 13.95
60-10-30 1 8.0818 14.8584 23.103 23.0834 0.1432 1.0465 13.68 12.46+2.49
2 8.2221 14.7971 | 23.2774 23.1999 0.1807 1.2811 14.11
3 8.0722 14.815 23.0698 23.0019 0.1147 1.1951 9.60
70-0-30 1 7.939 15.0081 | 23.1218 23.1124 0.1653 1.1908 13.88 13.58+1.19
2 8.0339 14.8491 | 23.0964 23.0235 0.1405 1.1463 12.26
3 8.0834 149072 | 23.2238 23.1566 0.166 1.138 14.59
70-5-25 1 7.9905 15.0366 | 23.1958 23.1774 0.1503 1.0368 14.50 14.99+0.47
2 8.124 14.8564 | 23.2036 23.1535 0.1731 1.1503 15.05
3 8.0468 14.8158 | 23.1157 23.0378 0.1752 1.1361 15.42
70-10-20 1 8.0442 14.8877 | 23.1827 23.1118 0.1799 1.1114 16.19 16.04+0.27
2 7.9918 14.8248 | 23.0571 22.9787 0.1621 1.0307 15.73
3 8.0281 15.0405 | 23.3379 23.259 0.1904 1.1752 16.20
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q

Usgeu
Sasaau | dwii MC VM Ash MC+VM+Ash FC 1nae
50-0-50 1 437 83.75 11.69 99.81 0.19 1.60+1.73
2 4.16 84.21 10.55 98.92 1.08
3 4.11 80.23 12.12 96.47 3.53
50-5-45 1 431 81.75 11.87 97.92 2.08 2.38+2.60
2 431 83.83 11.91 100.06 -0.06
3 4.44 78.45 11.99 94.88 5.12
50-10-40 1 4.05 83.57 11.18 98.80 1.20 1.4142.04
2 3.83 78.54 14.07 96.45 3.55
3 422 83.43 12.87 100.52 -0.52
60-0-40 1 3.43 78.89 11.32 93.64 636 3.93+2.50
2 3.67 80.99 13.97 98.64 1.36
3 3.64 78.81 13.48 95.94 4.06
60-5-35 1 2.63 85.92 13.62 102.18 2.18 2.08+5.95
2 2.57 74.36 14.19 91.12 8.88
3 2.83 83.70 13.95 100.47 -0.47
60-10-30 1 2.15 84.29 13.68 100.12 -0.12 23142.13
2 2.22 79.84 14.11 96.17 3.83
3 1.99 85.19 9.60 96.78 322
70-0-30 1 239 85.04 13.88 101.31 -1.31 1.0942.65
2 241 81.41 12.26 96.07 3.93
3 5.18 79.60 14.59 99.36 0.64
70-5-25 1 221 83.56 14.50 100.27 -0.27 0.23+1.26
2 5.09 80.55 15.05 100.70 -0.70
3 4.67 78.24 15.42 98.34 1.66
70-10-20 1 2.60 77.42 16.19 96.20 3.80 2.47+1.21
2 4.92 77.15 15.73 97.80 2.20
3 4.84 77.54 16.20 98.58 1.42

Y
4 @
WA : MC-ANUFU, VM-e1552110, Ash-181, FC-m5Uaunfa
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50-0-50 1 4877.9 4883.5 20.51+0.03
2 4889.0

50-5-45 1 4870.6 4867.5 20.44+0.02
2 4864.3

50-10-40 1 4685.1 4679.0 19.65+0.04
2 4672.9

60-0-40 1 4605.1 4592.9 19.29+0.07
2 4580.6

60-5-35 1 4566.2 4569.1 19.194+0.02
2 4572.0

60-10-30 1 4593.1 4594.7 19.30+0.01
2 4596.3

70-0-30 1 4587.2 4576.9 19.22+0.06
2 4566.5

70-5-25 1 4388.8 4388.3 18.43+0.00
2 4387.8

70-10-20 1 4236.1 4234.2 17.8+0.01

2 42323

[
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50-0-50 1 328 287 87.50 84.44+4.58
2 312 247 79.17
3 322 279 86.65

50-5-45 1 317 276 87.07 88.35+4.21
2 325 276 84.92
3 331 308 93.05

50-10-40 1 289 227 7855 78.67+2.03
2 279 214 76.70
3 286 231 80.77

60-0-40 1 328 229 69.82 73.70+4.16
2 315 246 78.10
3 302 221 73.18

60-5-35 ! 358 270 HA2 75.07+0.51
2 337 251 74.48
3 320 241 7531

60-10-30 ! 313 239 76.36 71.66::4.24
2 305 215 70.49
3 298 203 68.12

70-0-30 1 316 308 9747 83.26+14.56
2 234 160 68.38
3 311 261 83.92

70-5-25 1 291 245 84.19 84.136.04
2 287 224 78.05
3 294 265 90.14

70-10-20 1 288 267 92.71 16.59:82.86
2 248 158 63.71
3 281 259 92.17

80-0-20 1 345 287 83.19 80.19+2.99
2 328 263 80.18
3 294 227 7721
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20-030 L1 2.7035 33372 0.6337 3.3357 2.7020 0.8069 0.9971 0.9020 901.98 01404427 80
2 2.3616 2.9810 0.6194 2.9530 2.3336 0.7801 1.0085 0.8943 894.31
3 3.1729 3.5326 0.3597 3.5311 3.1714 0.8946 0.9970 0.9458 945.83

20505 || 3.0409 3.9980 0.9571 3.7790 2.8219 0.7034 1.0739 0.8886 888.63 $94.74412.07
2 3.2653 4.1876 0.9223 4.1832 3.2609 0.7760 0.9979 0.8869 886.95
3 2.7059 3.2867 0.5808 3.2821 2.7013 0.8190 0.9982 0.9086 908.64

20-1020 L1 2.8951 3.4300 0.5349 3.4285 2.8936 0.8407 0.9971 0.9189 918.88 032.62416.11
2 3.1048 3.5960 0.4912 3.5892 3.0980 0.8585 0.9987 0.9286 928.63
3 3.2826 3.6182 0.3356 3.6171 3.2815 0.9038 0.9969 0.9503 950.34

20020 L1 3.7002 4.0660 0.3658 4.0639 3.6981 0.9064 0.9971 0.9517 951.74 941.33412.93
2 3.6813 4.1028 0.4215 4.1002 3.6787 0.8935 0.9972 0.9454 945.39
3 3.2969 3.8417 0.5448 3.7998 3.2550 0.8443 1.0094 0.9269 926.86

901
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A X XA a0 A ) s ¥ A a <
AT NN N-17 mm%wuml,‘lmmamﬂLllﬂmmﬂaaﬂu’e)ﬂ@luﬂmuTﬂEﬂwmmﬂﬂammamﬂu’mﬂ

q

Uszau

Lo . ) d1e+17a PR dotuaemas | i .

Srahe i e P TR Tt CHTER - y % 1%

RINa N gl

70-0-30 1 150719 | 16.3435 12716 16.2941 0.0494 | 3.88 | 38940.05
2 15.1246 16.3288 1.2042 16.2825 0.0463 3.84
3 14.8720 16.0052 1.1332 15.9605 0.0447 3.94

70-5-25 1 14.8970 |  15.9971 1.1001 15.9360 00611 | 555 | 500L051
2 14.8389 16.2524 1.4135 16.1833 0.0691 4.89
3 14.9218 16.2020 1.2802 16.1438 0.0582 4.55

70-10-20 1 15.0065 | 16.1776 11711 16.1029 00747 | 638 | 6324043
2 14.9985 16.3430 1.3445 16.2641 0.0789 5.87
3 14.9618 16.1194 1.1576 16.0416 0.0778 6.72

20-0-20 1 14.8607 |  16.0719 12112 16.0325 0.0394 | 325 | 3391013
2 15.0697 16.4198 1.3501 16.3726 0.0472 3.50
3 15.0826 16.6449 1.5623 16.5913 0.0536 343

= X a o & A ) @ ¥ a o 3
AT NN N-18 ’tff'lﬁigWifl"]]@QLGD'E]L‘W'GQ@ﬂlh@ﬁnﬂﬂja@ﬂu@ﬂﬁu‘ﬂ’lalli@ﬂiﬂﬁ]@%ﬁﬂﬂal%@i@alﬂu

Yegiszau
. thssam T waa oo vhwiind 7 ;
ailszeu | @ #h ) % N9y
AOULA LY wie'lld | 1¥einas

70-0-30 1| 81225 | 244166 23.4042 1.0124 12716 79.62 | 80.834141
2 8.2233 24.5058 23.5364 0.9694 1.2042 80.50
3 7.9396 23.9001 22.9666 0.9335 1.1332 82.38

70-5-25 1| 8.0284 | 23.9644 23.0943 0.8701 11001 79.09 | 78684135
2 8.1554 24.3387 23.2478 1.0909 1.4135 77.18
3 8.0349 24.1787 23.1573 1.0214 1.2802 79.78

20-1020 | 1 | 80838 | 24.1867 23.3048 0.8819 11711 7531 | 75.8%:0.92
2 8.1245 24.3886 23.3750 1.0136 1.3445 75.39
3 8.2258 242674 23.3767 0.8907 1.1576 76.94

20-0-20 1| 80738 | 24.1063 23.1029 1.0034 12112 82.84 | 8180:172
2 8.3892 24.7618 23.6448 1.1170 1.3501 82.73
3 8.0474 24.6387 23.3917 1.2470 1.5623 79.82
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H & A o & P <
13197 n-19 Id1veuromatsaannldonuenduiiduTaslFueudenamesoailuiaa

q

Uszau

o . o |Hanaremdedie | waremds .

sandm | 0 ¢h dw — — — % 1Ry

nowtn | waum | nde | Gudu

20030 | 1| 81225 | 150719 | 234042 | 233183 | 01239 | 12716 | 974 | g<1.001
2 | 82233 | 151246 | 235364 | 234602 | 0.1123 | 12042 [ 933
3| 79396 | 14.8720 | 229666 | 229188 | 0.1072 | 1.1332 | 9.46

70505 | 1| 80284 | 148970 [ 23.0943 | 23.0291 | 01037 | 11001 | 943 | g54.010
2 | 81554 | 14.8389 | 23.2478 | 23.1221 | 0.1278 | 14135 | 9.04
3| 80349 [ 149218 | 231573 | 23.0751 | o.1184 | 1.2802 | 9.5

70-1020 | 1| 80838 [ 150065 [ 233048 | 231959 | 01056 | 11711 [ 902 | gg70006
2 | 81245 | 149985 | 23375 | 23244 | 0121 | 13445 [ 9.0
3 | 82258 [ 149618 | 233767 | 23.2007 | 0.1031 | 1.1576 | 8091

0000 | 1 | 80738 | 148607 [ 23.1029 | 230563 | 01218 | 12112 | 1006 | 10142020
2 | 83892 | 150697 | 23.6448 | 23.599 | o.1401 | 13501 | 1038
3 | 80474 | 150826 | 233917 | 23.2862 | 0.1562 | 1.5623 | 10.00

d' @ w X a o & A ) @ ¥ a A &
M1T NN N-20 ﬂ'lﬁll@uﬂ\‘lﬁ?ﬂﬂ\‘llsﬁﬂlwaQ@@LiJ@inﬂL‘]JﬁE]ﬂu@ﬂﬁu‘ﬂ’laMiﬂﬂiﬁm@ﬁlﬁﬂﬂﬁlcﬁﬂﬁﬂalﬂu

Yergiszau
A5 | aeun MC VM Ash MC+VM+Ash FC 1Ry
20-0-30 1 3.88 79.62 9.74 93.24 6.76 5774136
2 3.84 80.50 9.33 93.67 6.33
3 3.94 82.38 9.46 95.78 422
10-5-25 1 5.55 79.09 9.43 94.07 5.93 7 0841.59
2 4.89 77.18 9.04 91.11 8.89
3 4.55 79.78 9.25 93.58 6.42
20-10-20 1 6.38 7531 9.02 90.70 9.30 2804193
2 5.87 75.39 9.00 90.26 9.74
3 6.72 76.94 8.91 92.57 7.43
20-0-20 1 3.25 82.84 10.06 96.15 3.85 4661018
2 3.50 82.73 10.38 96.61 3.39
3 3.43 79.82 10.00 93.25 6.75
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A ' 9 X A o A ) s ) A a =
AT NN N-21 mmmsauﬁumwameaﬂmmmrﬂaﬂﬂuaﬂﬂuﬂmuTﬂaiﬂfﬁummaﬂamaiﬂmﬂu

Taqiszau

~ 9 v 2 s A ) s v 1A a
13190 n-22 Jesazoaaainnialuihauuazilasnuenduiay Taeudsiuaditosveude

=
NALYEDIDA

o y manuiou
dasaau | aseh — -
1AADI/MN3Y 1% LAz YN,
70-0-30 1 4708 4700.75 19.74+0.04
2 4693.5
70-5-25 1 4704.6 4714.35 19.80+0.06
2 4724.1
70-10-20 1 4555.8 4551.75 19.120.02
2 4547.7
80-0-20 1 4546.8 4528.65 19.02+0.11
2 4510.5

‘ , Y (g ) L
ﬁ’J‘Ll’iJ"Iﬁll pH ) - 2 - YT OALUA
TNHUA | LUALYDLNAN
malumhau| s 310 269 86.77
6 302 251 83.11
7 315 246 78.10
1denuen 5 276 208 75.36
6 316 284 89.87
7 268 212 79.10




~ [ dy a o g 4 A 9 o Y [ = =
MTNN N-23 mmwmuuummmmwam@LmmﬂmﬂmhammuﬂaaﬂuaﬂﬁuﬂmuT@auﬂiwumwmwmmaﬂamama

pellet MaayY

pelletnaayy

pellet M9y

density nou

densitynaa¥n

=
(Rqy

wiladnlszam [ pH | nouguwisilu TRTRRER(Y N ) kg/m3 kg/m3 1nd
RERTLAT! wisuluh | famsilu WA mu | wisiiliu(giem3) | (Nounagnas)

maluthdu 5 1 1.4740 2.3358 0.8618 2.3339 1.4721 0.9961 0.9965 0.9963 996.06 995.74+0.27
2 1.3952 2.1603 0.7651 2.1596 1.3945 0.9956 0.9958 0.9957 995.57
3 1.4932 2.4036 0.9104 2.4028 1.4924 0.9956 0.9958 0.9957 995.58

6 1 22735 3.0445 0.9710 3.2444 2.2734 0.9953 0.9953 0.9953 99528 | 99590+0.18
2 1.8682 3.0462 1.1780 3.0470 1.8690 0.9950 0.9948 0.9949 994.99
3 1.7682 2.8296 1.0614 2.8294 1.7680 0.9953 0.9954 0.9953 995.32

7 1 2.1227 2.8971 0.7744 2.8981 2.1237 0.9949 0.9948 0.9948 99491 | 995244031
2 1.9176 2.6508 0.7332 2.6501 1.9169 0.9955 0.9956 0.9956 995.51
3 1.9645 2.5148 0.5503 2.5147 1.9644 0.9953 0.9953 0.9953 995.29

widonuen |5 1 25725 3.1814 0.6089 3.1827 2.5738 0.9948 0.9947 0.9948 99485 | 995 4940.62
2 2.0728 2.6347 0.5619 2.6339 2.0720 0.9956 0.9956 0.9956 995.55
3 2.7330 3.4944 0.7614 3.4915 2.7301 0.9961 0.9963 0.9962 996.08

6 1 2.8520 3.2726 0.4206 3.2722 2.8516 0.9954 0.9954 0.9954 995.37 994.58+1.07
2 2.2485 2.7169 0.4684 2.7176 2.2492 0.9950 0.9949 0.9950 995.00
3 1.8530 2.4166 0.5636 2.4212 1.8576 0.9934 0.9928 0.9931 993.36

7 1 2.5314 3.0125 0.4811 3.0189 2.5378 0.9931 0.9927 0.9929 993.14 995.15+1.83
2 2.3190 2.8714 0.5524 2.8672 2.3148 0.9967 0.9971 0.9969 996.71
3 2.2200 2.7884 0.5684 2.7874 2.2190 0.9956 0.9957 0.9957 995.61

Ol
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A X A A o = s A ) s o 1
AT NN N-24 mm%ummmamammuﬂmﬂmﬂuﬂmmmmﬂaﬂﬂlmﬂ@uﬂmﬂ%uﬂmum

= = =
NDFUBDUTINALEDTIDA

. 4 ) fe+17a PR nadou Wmitin p
¥Wa-pH N 078 , W FOINDI — ——1 . % 19y
LSO DWHUIAUYOLNAY | Nvie 11

F-5 1 14.8895 | 162616 13721 16.2438 00178 | 130 | 1134015
2 15.1305 16.3643 1.2338 16.3517 0.0126 1.02
3 14.9235 16.2387 13152 16.2247 0.0140 1.06

F-6 1 15.0203 |  16.1885 11682 16.1731 00154 | 132 | 136012
2 14.9066 16.2302 1.3236 16.2134 0.0168 1.27
3 14.9913 16.3028 13115 16.2831 0.0197 1.50

F-7 1 14.8443 | 16.0552 12109 16.0406 00146 | 121 | 1372014
2 15.1817 16.3681 1.1864 16.3505 0.0176 1.48
3 14.9944 16.1879 1.1935 16.1711 0.0168 1.41

T-5 1 150765 | 162152 11387 16.2052 0.0100 | 088 | (69:016
2 14.8430 15.8694 1.0264 15.8630 0.0064 | 0.62
3 14.9339 16.0410 1.1071 16.0346 0.0064 0.58

T-6 1 149967 | 16.0300 1.0333 16.0231 0.0069 | 067 | (882019
2 15.0116 16.2292 1.2176 16.2168 0.0124 1.02
3 14.9017 16.0643 1.1626 16.0531 0.0112 0.96

T-7 1 151815 | 16.4962 13147 16.4816 00146 | 111 | | 082009
2 15.0305 16.2050 1.1745 16.1934 0.0116 | 0.99
3 15.0173 16.0901 1.0728 16.0777 0.0124 1.16
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A X A o & @ A v s o 1
1IN N-25 MIszisveuromasoalannaluihavuazilasnuendauiay Taeualsruan

= = =
NDFUBDUTINALEDTIDA

. p Ph+uaFornas+aoe Ynind ¥ 4
¥wa-pH | 0 #h ' - ) % oy
NOULK B el L SDLNAY

-5 1| 80462 | 243082 23.2213 1.0869 13721 7921 | 79.02:032
2 8.2243 24.5928 23.6224 0.9704 1.2338 78.65
3 8.1137 24.3384 23.2970 1.0414 1.3152 79.18

F-6 1| 81226 | 243129 23.3505 0.9624 11682 8238 | 79504336
2 8.0731 24.3051 23.2421 1.0630 1.3236 80.31
3 8.0913 24.3744 23.3801 0.9943 1.3115 75.81

F-7 1| 79909 | 24.0493 23.0789 0.9704 12109 80.14 | 22891255
2 7.9406 243110 23.3006 1.0104 1.1864 85.17
3 8.0151 24.1862 23.1914 0.9948 1.1935 83.35

T-5 1| 80452 | 242504 23.3502 0.9002 1.1387 79.06 | 78251075
2 7.9909 23.8539 23.0576 0.7963 1.0264 77.58
3 8.3889 24.4235 23.5586 0.8649 1.1071 78.12

T-6 1| 80258 | 24.0489 23.1975 0.8514 1.0333 8240 | 782243 10
2 8.1539 24.3707 23.4345 0.9362 1.2176 76.89
3 8.1544 24.2075 23.3102 0.8973 1.1626 77.18

T-7 1| 80726 | 245542 23.4579 1.0963 13147 8339 | 2139+ 84
2 8.0341 24.2275 23.2907 0.9368 1.1745 79.76
3 8.0828 24.1605 23.2913 0.8692 1.0728 81.02
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A v A a0 < ¢ " v s o 1
AT NN N-26 Lﬂ"IGIJ@\TL‘B'E)LWEIQﬂﬂlllﬂﬂTﬂVITQ‘ITJTJTEINLLaglﬂa@ﬂu@ﬂ@]uﬂTaNTﬂmﬂJiWHﬂT

= = =
NDFUBDUTINALEDTIDA

. . L, |raden@edn | wiasemd p
Wwda-pH | 0 th 02 ‘ " — T % 1ndY
neuIk | Waum | Minde | Sudu

F-s 1| 80462 | 148895 | 232245 | 231222 | 01865 | 13721 | 1359 | 13.9410.43
2 8.2243 | 15.1305 | 23.6256 | 23.5328 0.178 1.2338 14.43
3 | 81137 | 149235 | 23297 | 23.2188 | 0.1816 | 13152 | 13.81

Fo 1| 81226 | 150203 | 233523 | 233056 | 01627 | 11682 | 1393 | 13861038
2 8.0731 | 14.9066 | 23.3523 | 23.1678 | 0.1881 1.3236 14.21
3 8.0913 | 14.9913 | 23.3801 23.259 0.1764 1.3115 13.45

7 1| 79909 | 148443 | 230821 | 23.0025 | 0.1673 | 12109 | 1382 | 13845002
2 7.9406 | 15.1817 | 23.3017 [ 23.2868 | 0.1645 1.1864 13.87
3 8.0151 | 14.9944 | 23.1914 | 23.1747 | 0.1652 1.1935 13.84

T-s 1| 80452 | 150765 | 233502 | 232927 | 0171 | 11387 | 1502 | 5.0540.03
2 7.9909 14.843 | 23.0576 | 22.9885 0.1546 1.0264 15.06
3 8.3889 | 14.9339 | 23.5586 | 23.4898 0.167 1.1071 15.08

-6 1| 80258 | 149967 | 231975 | 23.1771 | 01546 | 1.0333 | 1496 | 15004012
2 8.1539 | 15.0116 | 23.4345 | 23.3469 | 0.1814 1.2176 14.90
3| 81544 | 149017 | 233102 | 23232 | 01759 | 1.1626 | 15.13

-7 1| 80726 | 151815 | 234579 | 233918 | 0.1377 | 13147 | 1047 | 10.6040.14
2 | 80341 | 150305 | 23.2907 | 23.1909 | 0.1263 | 1.1745 | 10.75
3 8.0828 | 15.0173 | 23.2913 | 23.2135 0.1134 1.0728 10.57
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d‘ ¢ o X A o & s " ) ¢ o
13NN N-27 AMSUIUAIRIVDITBINAID A ANNIE U avuaznaenuenauian Taeuals iy

1A =) S
ANLDBUDITYNALLDIDD

¥wapH | N MC VM Ash MC+VM+Ash FC N9y

F-5 1 1.30 79.21 13.59 94.10 5.90 5.0140.03
2 1.02 78.65 14.43 94.10 5.90
3 1.06 79.18 13.81 94.05 5.95

-6 1 1.32 82.38 13.93 97.63 2.37 5974355
2 1.27 80.31 14.21 95.79 421
3 1.50 75.81 13.45 90.77 9.23

7 1 1.21 80.14 13.82 95.16 4.84 1914271
2 1.48 85.17 13.87 100.51 -0.51
3 1.41 83.35 13.84 98.60 1.40

1o 1 0.88 79.06 15.02 94.95 5.05 6.0040.86
2 0.62 77.58 15.06 93.27 6.73
3 0.58 78.12 15.08 93.79 6.21

T-6 1 0.67 82.40 14.96 98.03 1.97 5304289
2 1.02 76.89 14.90 92.81 7.19
3 0.96 77.18 15.13 93.27 6.73

T-7 1 111 83.39 10.47 94.97 5.03 6.932176
2 0.99 79.76 10.75 91.50 8.50
3 1.16 81.02 10.57 92.75 7.25

~ 1 9 dy a o o A 9 k4 @ 1
AT NN N-28 mmmi’Elueumlﬂfﬁ)mmaﬂmmmmﬂ‘uﬂiammzLﬂaaﬂuaﬂmuﬂmﬂﬂﬂuﬂﬁNum

= = =
NDFUBDUTYNALED IO

o ) manuiou
dmsiaau | asah — -
uAABI/NTN 1nde LA E/NN.
70-0-30 1 4708 4700.75 19.74+0.04
2 4693.5
70-5-25 1 4704.6 4714.35 19.80+0.06
2 4724.1
70-10-20 1 4555.8 4551.75 19.12+0.02
2 4547.7
80-0-20 1 4546.8 4528.65 19.02+0.11
2 4510.5
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- K. Trangkaprasith. O. Chavalparit, “Heating Value Enhancement of fuel pellet from oil palm
frond”, The International Conference on Biology, Environment and Chemistry(ICBEC 2010),

December 28-30, Hongkong, China(2010)
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